Abstract: 22
Gene silencing through RNA interference (RNAi) shapes many biological processes in 23 filamentous fungi. In this study we explored the contribution of several key proteins of fungal 24
RNAi pathways, including DICER-like1 and 2 (FgDCL1, FgDCL2), ARGONAUTE1 FgSMS2 or FgAGO2 are necessary for sexual reproduction Kim et al., 2015) . A more recent 123 work discovered that the sex-induced RNAi mechanism had important roles in sexual 124 reproduction of the fungus (Son et al., 2017) . siRNAs produced from exonic gene regions (ex-125 siRNAs) participated in post-transcriptional gene regulation at a genome-wide level in the late 126 stages of sexual reproduction (Son et al., 2017) . The sex-specific RNAi pathway was primarily 127 governed by FgDCL1 and FgAGO2. Thus, F. graminearum primarily utilizes ex-siRNA-128 mediated RNAi for ascospore formation. Consistent with the key role of FgDCL1 in generative 129 development, the combination of sRNA and transcriptome sequencing predicted 143 novel 130 microRNA-like RNAs (milRNAs) in wild-type perithecia, of which most were depended on 131
FgDCL1. Given that 117 potential target genes were predicted, these perithecium-specific 132 milRNAs may play roles in sexual development (Zeng et al., 2018) . 133
In this study, we extended these previous studies to address the requirement of an extended set 134 of F. graminearum RNAi genes in growth, reproduction, virulence, and toxin production. (Table S1 ; Fig. S1 ). The vectors were introduced into Agrobacterium 146 tumefaciens, followed by agro-transformation of the Fg strain IFA65. Transformants were 147 transferred to Petri dishes of potato extract glucose (PEG) medium, containing 150 μg/ml 148 hygromycin and 150 μg/ml ticarcillin. Respective mutants were verified by PCR analysis with 149 genomic DNA as template ( Fig. 1) and by expression analysis of the respective RNAi gene 150 (Fig. S2 ). Colony morphology of PCR verified mutants (see methods, 12h/12h light/dark) was 151 inspected in axenic cultures of three different media, PEG, synthetic nutrient (SN) agar and 152 starch agar (SA). In the PEG agar medium, all mutants showed slightly reduced radial growth, 153 while there were no clear differences as compared with the IFA65 (wt) strain in SN and SA 154 media ( Fig. S3 A-C Δrdrp1, which were only slightly affected (Fig. 2 A) . Under this non-inductive condition, some 169
RNAi mutants also were compromised in conidial germination: Δago1, Δago2 and Δrdrp4 170 showed significantly reduced germination, while Δrdrp3, Δdcl1, Δrdrp1 and Δdcl2 showed a 171 slight reduction, and rdrp2, Δqip and Δqde3 showed normal conidial germination (Fig. 2 B) . 172
All RNAi mutants had a normal germ tube morphology, except Δrdrp4, which tends to develop 173 multiple germ tubes (Fig. 2 C) . These results suggest a requirement for Fg RNAi components 174 genes in the full control of asexual development depending on the environmental conditions. 175 176 F. graminearum RNAi components are required for sexual development 177
Because there were contrasting data in the literature, we resumed asking the question of whether 178
RNAi components are requirement for sexual reproduction. Perithecia (fruiting bodies) 179 formation was induced in carrot agar axenic cultures (Cavinder et al., 2012) . All RNAi mutants 180 produced melanized mature perithecia in nearly the same numbers compared to wt IFA65 (not 181 shown). Next we assessed the forcible discharge of ascospores by a spore discharge assay (Fig.  182 3). Discharge of ascospores from perithecia into the environment results from turgor pressure 183 within the asci; the dispersal of ascospores by forcible discharge is a proxy for fungal fitness as 184 it is important for dissemination of the disease. To this end, half circular agar blocks covered 185 with mature perithecia were placed on glass slides and images from forcibly fired ascospores 186 (white cloudy) were taken after 48 h incubation in boxes under high humidity and fluorescent 187 light. We found that the forcible discharge of ascospores was severely compromised in Δdcl1, 188
Δago2, Δrdrp1, Δrdrp2, Δqde3, and less severe in Δdcl2, Δago1, Δqip1, while Δrdrp3 and 189
Δrdrp4 were indistinguishable from the wt IFA65. (Fig. 3 A,B) . Microscopic observation of the 190 discharged ascospores revealed that their morphology was not affected (not shown). The 191 percentage of discharged ascospores that retained the ability to germinate varied in the mutants 192 with Δrdrp3 and Δrdrp4, showing strong reduction in the ascospore germination (Fig. 3 C) . bleached out, whereas the non-inoculated spikes remained symptomless. We found that, at late 206 infection stages (13 dpi), all RNAi mutants caused strong FHB symptoms on wheat spikes 207 comparable with wt IFA65 (Fig. 4 A) . However, there were clear differences in the severity of 208 infections at earlier time points (9 dpi), with Δdcl1 and Δago2 showing a most compromised 209 FHB development. At 13 dpi, RNAi mutants also showed considerable variation on Fg-infected 210 kernel morphology (Fig. S4 A) . Thousand-grain-weight (TGW) of kernels infected with RNAi 211 mutants showed slight, though not significant differences, in the total weights compared to wt 212 IFA65 infection (Fig. S4B) . 
Genotyping of Fusarium mutants 362
Fg IFA65 mutants were confirmed by genotyping using primers located in Hygromycin and 363 corresponding genes flanking sequence (located after the cloned flanking sequence in the 364 genome), and primers amplify parts of the genes (Table S2 ) and sequenced, respectively. 365
Additionally, mRNA expression of the deleted gene in comparison to that in the wild type 366 (IFA65 strain) was done by qRT-PCR using primers pairs listed in (Table S3) 
Conidiation assay 396
Production of conidia was done with slight modification . Four-day-old 397 cultures of each mutant and IFA65 (wt) growing in CM agar plates in dark at 25°C were used 398 for fresh mycelia preparation. The mycelia were scraped from plates surface using sterile 399 toothpick, then 50 mg mycelia were inoculated in a 100 ml flask containing 20 ml of synthetic 400 nutrient (SN) medium. The flasks were incubated at room temperature for 5 days in light (2 401 µmol m -2 s -1 ) in a shaker (100 rpm). Subsequently, the conidia produced from each mutant and 402 wild type was counted using a hemocytometer (Fuchs Rosenthal, Superior Marienfeld, 403
Germany). 404 405

Viability test of conidia 406
Fourteen mL from the same cultures used in conidiation assay was centrifuged in 4,000 rpm for 407 10 min to precipitate conidia, and then the conidia was resuspended in 5 ml 2% sucrose water 408 and incubated in dark for 2 days at 23°C. The germinated and non-germinated ascospores were 409 visualized and counted under an inverse microscope. Conidia germination rate was determined 410 as percentage of germinated conidia of the total conidia number. 411 412 Perithecia production and ascospore discharge assay 413
Fungi were grown on carrot agar prepared under bright fluorescent light at room temperature 414 (18-24°C) for five days (Klittich and Leslie, 1988) . Then the aerial mycelia were removed with 415 a sterile tooth stick. To stimulate sexual reproduction and perithecia formation, one ml of 2.5% 416
Tween 60 was applied to the plates with a sterile glass rod after scraping the mycelia ( 
Analysis of mycotoxins in infected wheat kernels 465
The content of mycotoxins in wheat kernels infected with Fg RNAi mutants and wild type strain 466 IFA65 was determined using high performance liquid chromatography coupled to tandem mass 467 spectrometry (HPLC-MS/MS). Mycotoxins were extracted from ground grains with mixture 468 containing 84% acetonitrile, 15% water and 1% acetic acid and the extracts were defatted with 469 cyclohexane. Chromatographic separation was carried out on a C18 column eluted with a 470 water/methanol gradient and the analytes were ionized by electrospray and detected by MS/MS 471 in multiple reaction monitoring (MRM) mode essentially as described (Sulyok et al., 2006) . 472
473
Spray application of dsRNA on barley leaves 474
Second leaves of 3-week-old barley cultivar Golden Promise were detached and transferred to 475 square Petri plates containing 1% water-agar. dsRNA spray applications and leaf inoculation 476 was done virtually as described (Koch et al. 2016 ). For the TE-control, TE-buffer was diluted 477 in 500 μl water corresponding to the amount used for dilution of the dsRNA. Typical RNA 478 concentration after elution was 500 ng μl 
